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(57) Abstract: An adaptive antenna 
signal identification process to provide 
increased interference rejection 
in a wireless data network such 
as a wireless Local Area Network 
CLAN), The adaptive antenna is 
located at an access point and can 
be steered to various angle of arrival 
orientations with respect to received 
signals. Associated radio receiving 
equipment utilizes two distinct signal 
detection modes. in a first mode, 
the directional antenna array is set to 
have an omni -directional gain pattern. 
In this mode, certain identification 
parameters of an initial portion of a 
received signal are detected, such as a 
source identifier. If the received signal 
has not been previously detected, then 
the antenna array is scanned determine 
a direction setting that provides a best 

received signal metric. Once the best direcdonal setting for the received signal, that setting is saved for future use in receiving the 
same signal. If the received signal has been previously detected, the system instead will steer the directional antenna to the last 
known best direction for reception for the particular detected signal. As fiinher portions of the same signal are received, such as 
pay load portions of a data frame, the directional anienna array can continue to scan potential new best angles. When the invention 
is deployed in a relay function, where messages received from a first node are to he forwarded to a second node, the recorded 
direction of its best reception is retrieved for the second node and used when the antenna array is used to transmit the signal to the 
second node. Storage of the best antenna angle for propagation to neighbor nodes can be handled by control functions in a manner 
that is analogous to other router lookup tables, such as being contained in a lookup table that stores IP addresses. 




p 


^14-2 


ACCESS 






POINT 






(B02.11) 


i 



wo 03/023895 A2 lllililllilliilililllllliiiilllllli 



J*'or two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regtdar issue of the PCT Gazette. 



wo 03/023895 



PCT/DS02/29147 



METHOD OF DETECTION OF SIGNALS USING AN ADAPTIVE ANTENNA 
IN A PEER-TO-PEER NETWORK 



5 BACKGROUND OF THE INVENTION 

This invention relates generally to wireless data transmission systems and in 
particular to a technique for using directional antennas in such systems. 

In corporate enterprises, wireless Local Area Networks (LANs) are usually 
implemented as a final link between existing wired networks and a group of client 

10 computers. Today's business environment is characterized by an increasingly 

mobile work force, who spend much of their time working in teams that cross 
functional, organizational and geographic boundaries. Often their most productive 
times occur in meetings that take place away from their desks. Users of portable 
computing equipment therefore need access to their data files through networks that 

IS reach &r beyond their personal desktops. Wireless LANs fit well into this 

environment, providing much needed freedom in network access to mobile workers. 
Such networks provide access to information from anywhere within an enterprise, 
such as from a conference room, cafeteria, or even a remote branch office. Wireless 
LAN connectivity affords access to the full resources and services of a corporate 

20 network across a building or campus setting. As such, they are on the verge of 
becoming a mainstream solution for a broad range of business applications. 

One critical issue affecting the effectiveness of wireless LAN deployment 
has been the historically limited throughput available with such equipment The 2 
Mega bits per second (Mbps) data rate specified by the original Institute of Electrical 
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and Electronics Engineer (IEEE) wireless LAN standard 802. 11, dated 1997, is now 
considered to be too slow to support most business requirements. Recognizing the 
need to support additional higher data rate transmissions, the IEEE recently ratified 
an 802.11b standard that specifies data transmission speeds of up to 1 1 Mbps. With 
the 802.1 lb standard, wireless LANs are expected to be able to achieve throughput 
comparable to the legacy wired Ethernet infrastructure. Emerging wireless 
networking systems that promise to provide comparable data speeds include Home 
RF, BlueTooth, and third generation digital cellular telephone systems. 

In these peer-to-peer networks, the individual computer nodes operate in a 
same frequency communication network. That is, these systems utilize signal 
modulation schemes such as Code Division Multiple Access (CDMA) wherein a 
number of end nodes are actually transmitting on a same radio frequency carrier at 
the same time. Such systems may experience significant quality degradation due to 
the interference of equipment that is not participating in system communication 
processes. For example, wireless LAN systems typically operate in unlicensed radio 
frequency bands. Other types of radio equipment operate in these bands, equipment 
that is not required to operate in accordance with the promulgated LAN standards, 
and therefore, cannot be controlled. These transmissions from such non-system 
nodes can significantly reduce the performance of a wireless LAN. As data rates 
increase, susceptibility to such interference also increases accordingly. 

Various other problems are inherent in wireless communication systems. 
One such problem is the so-called multipath fading problem whereby a radio 
frequency signal transmitted from a sender (either a base station or another mobile 
subscriber unit) may encounter interference enroute to an intended receiver. The 
signal may. for example, be reflected from objects such as buildings that are not m a 
direct path of transmission but then are redirected as a reflected version of the 
original signal to the receiver. In such instances, the receiver actually receives two 
versions ofthe same radio signal: the original version and a reflected version. Since 
each received signal is at the same frequency but out of phase with one the other due 
the longer transmission path for the reflected signal, the original and reflected 
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signals may tend to cancel each other out. This results in dropouts or fading of the 
received signal. 

Radio units that employ single element antennas are highly susceptible to 
such multipath fading. A single element antenna has no way of determining a 
direction from which a transmitted signal is sent and cannot be tuned or attenuated to 
more accurately detect or receive a signal in any particular direction operating by 
itself. It is known that directional antennas can therefore alleviate both the 
multipath fading and similar problems to some extent. 

SUMMARY OF THE INVENTION 

The present invention is used in a wireless data network that employs an 
adaptive directional antenna array to assist in isolating physical layer radio signals 
transmitted between system nodes. A controller can configure the antenna apparatus 
to maximize the affect of radiated and/or received energy. Specifically, the antenna 
apparatus typically includes multiple antenna elements and a like number of 
adjustable devices such as phase shifters, passive elements, or the like, that may be 
independently changed to effect the phase of received and/or transmitted signals. 
The antenna apparatus can therefore be oriented or steered to various angle of arrival 
orientations with respect to transmitted or received signals. 

The adaptive antenna makes use of radio receiving equipment that utilizes 
two distinct signal detection modes. In a first receive mode, the controller sets the 
antenna to an omni-directional setting. This mode is used when a received signal 
has not yet been identified or the link layer connection established. A second 
receiver mode, in which the antenna is set to a specific directional angle, is used 
after a receive signal has been identified or a link layer coimection established. 

According to an embodiment of the invention that uses identification of the 
received signal to determine the antenna array mode, a multi-step process is 
employed. 

In a first step of the process, the directional antenna array may be controlled 
such that it has an omni-directional gain pattern. In this mode, when-an incoming 
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transmission is first received, certain identification parameters of an initial portion of 
the signal are detected. For example, these may be a source identifier encoded in a 
preamble portion of a Media Access Control (MAC) layer portion of a wireless 
Local Area Network (LAN) signal. 

If the received signal has been previously detected, the controller will steer 
the directional antenna to a last known best direction for reception of further portions 
of the particular detected signal. 

If the received signal has not been previously detected, then the controller 
scans the directional antenna to determine a direction setting that provides a best 
received signal metric. This can proceed, for example, as an angular search of 
possible antenna angle settings, and testing a received signal metric for each 
candidate direction. The received signal metric may, for example, be received signal 
strength, bit error rate, noise power, or other comparable measure. Once the best 
directional setting for the antenna is determined, that setting is saved for future use 
in receiving the identified signal. 

As further portions of the same signal are received, such as payload portions 
of the data firame which follow a preamble portion, the directional antenna array can 
be operated to continue to scan potential new angles, continuing to look for the best 
signal metric in a directive mode all the time. Once a signal transmission is 
concluded, the last known best angle for that signal, along witii an identification of 
the signal, for use in future reception of that same signal. 

In a second embodiment, the invention also employs both the omni- 
directional and directional modes of the antenna, as in the previous embodiment In 
a first step of this process, the antenna array is set to an omni-directional mode. A 
first portion of a received signal is then examined, to determine when a link layer 
establishment message, such as a Request to Send (RTS) message is received. After 
an RTS is detected, identification information for the sender of the RTS is used to 
determine a last known angle of arrival. The array is then steered to this direction 
for subsequent transmission of, for example, a Clear to Send (CTS) message. A 
follow-on step may be employed when an acknowledgement of the CTS is then 
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listened for, if the CTS acknowledgement is received, then it is known that the 
antenna is steered to a proper direction. However, if an acknowledgement of the 
CTS is not received, it is assumed that the antenna angle must be re-estabhshed 
through scanning candidate zuigles. 

The foregoing embodiment is particularly useful in an access node or other 
central base unit 

Yet another embodiment of the invention can use the array as follows. An 
initial link layer transmission, such as a Request to Send (RTS) may be sent to an 
intended receiver in a directional mode. This embodiment is particularly useful 
where a sender has stored information as to a likely direction for the intended 
receiver. The unit then waits to receive a Clear to Send (CTS) indication in a receive 
mode with the antenna set to the same angle. 

If the CTS is received, then it is assumed that the direction is correct, and a 
link layer coimection is established. 

However, if the CTS is not received within a specified time, the controller 
resets the array to an omni-directional mode, and attempts again to establish the link 
layer connection. 

When the invention is deployed in a peer-to-peer network, it may also be 
used in connection with a device that is responsible for relaying messages from a 
first node to a second node. This functionality is an analogous to a router function in 
a wireline Internet Protocol (IP) network. In such an application, during the 
detection process, the angle providing the best received signal metric was recorded 
during the receive mode for a number of nodes in the networks as described above. 
Therefore, whenever a message is received from a first node that needs to be relayed 
to a second node» if signals have already been received from that second node, then 
the recorded direction of its best reception is retrieved and used when the antenna 
array is used to transmit the signal to the second node. Storage of the best antenna 
angle for propagation to neighbor nodes can be handled by control functions in a 
manner that is analogous to other router lookup table functions, such as being 
contained in a lookup table entry associated with IP addresses. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a system in which the invention is implemented. 

Figs. 2 A and 2B provide examples of Media Access Control (MAC) layer 
5 data frames or messages (hat may be used to fomiat transmitted signals. 

Fig. 3 is a sequence of steps performed by an antenna controller in order to 
process received signals according to a first embodiment 

Fig. 4 is a process diagram for the antenna controller according to a second 
embodiment. 

10 Fig. 5 is yet another process which the controller may perform. 

Fig. 6 illustrates a message and its acknowledgement. 
Fig. 7 is a sequence of steps using acknowledgement suppression to confirm 
antenna angle setting. 

Fig. 8 is a sequence of steps using contention-free periods to confirm antenna 
IS angle setting. 

The foregoing and other objects, features and advantages of (he invention 
will be apparent firom the following more particular description of preferred 
embodiments of the invention, as illustrated in the accompanying drawings in which 
like reference characters refer to (he same parts throughout tiie different views. The 
20 drawings are not necessarily to scale, emphasis instead being placed upon illustrating 

the principles of the invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

Fig. 1 is a high level block diagram of a wireless data conmiunication 
25 network 10 in which the invention may be deployed, such as network for providing 

wireless connectivity between a number of end nodes 12 and a data network such as 
the Internet 18 through access point equipment 14. 

Specifically, a first wireless Local Area Network (LAN) 11-1 formed by the 
nodes 12-1-1, 12-1-2, ... 12-1-n. These nodes 12-1 communicate with each other 
30 and a first access point 14-1 using specially formatted radio signals. A directional 
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antema array 20-1 is used with the access point 14-1 in the first wireless LAN 11-1. 
The access point 14-1 is responsible for converting received radio frequency signals 
to their appropriate wired fonnat such as the TCP/IP format suitable for Internet 
communications through a gateway 16-1. The ^teway 16-1 may be a router, switch, 
or other internetworking device. 

A similar second wireless LAN 1 1-2 involves the nodes 12-2-p, antenna 20- 
2, access point 14-2, and gateway 16-2. 

Each of the nodes 12 include a remote station which is typically a portable 
Personal Computer (PC) equipped with a wireless network interface card (NIC). 
Other types of computing equipment such as Personal Digital Assistants (PDAs), 
desktop computing equipment, and other networkable devices are possible. 

The access point (AP) 14-1 acts as a sort of bridge between the wireless 
network 10 and wired networks such as the Internet 18. The access point 14-1 acts 
as a base station for the physical layer signaling used in the wireless network, 
aggregating access for multiple wireless nodes 12-1-1, ... 12-1-n onto the wired 
network. The access point 

14 usually consists of radio receiver and transmitter equipment and a wired network 
interface such as an IEEE 802.1 1 Ethernet interface. If the access point 14 is to 
provide connectivity to other networks, it may typically include bridging software 
conforming to, for example, 802.1 Bridging Standard, and other software such as 
firewalls and ttie like. It therefore acts as a router or bridge, fi-om the perspective of 
higher layer data networking protocols. 

In addition to standard wireless LAN signaling equipment, the access point 
14-1 also contains a table 25 which is capable of storing identification information 
for the nodes 12 such as a unit identification and an associated antenna setting 
parameters, such as an angle. An array controller 30 that permits steering of the 
particular direction of the antenna 20-1 such as by specifying an angle. Signal 
receiving equipment in the access point 14-1 also contains detection circuits that are 
capable of determining a received signal metric, such as Received Signal Strength 
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Indication (RSSI), Bit Error Rate (BER). noise power level, or other such measures 
of receive signal quality.. 

Figs. 2A and 2B illustrate the format of a message or frame structure such as 
described in the.wireless LAN specification ffiEE 802.1 lb. The message consists of 
a Media Access Control (MAC) layer preamble, header, and payload portion or 
Protocol Specific Data Unit (PSDU). The messages in IEEE 802.1 1 may be either a 
long preamble-type as used in the connection with the message shown in Fig. 2A, as 
well as the short preamble-type as shown in Fig. 2B. The different frame formats are 
associated with supporting dififerent data rates. The firame format shown in Fig. 2A 
uses eitiier Double Binary Phase Shift Keying PBPSK) or Double Quadrature Phase 
Shift Keying (DQPSK) encoded at, respectively, 1 Mbps or 2 Mbps to modulate the 
payload portion. The frame format in Fig. 2B utilizes DQPSK to realize data rates 
of 5.5 Mbps or 1 1 Mbps, 

Note also that for both frame formats, the preamble and header portions of 
the fiame utilize a more robust encoding scheme than the data payload portions. 
This permits more reliable detection of the header and preamble in the presence of 
noise. 

The preamble of either formats shown in Fig. 2A or 2B include an indication 
of the particular senders, such as in the SFD portion. 

Fig. 3 illustrates a flow chart of a process for receiving wireless network 
signals in accordance with the invention. The process is performed in an access 
point 14 as it receives signals from nodes 12, and may typically be carried out during 
physical layer processing. 

From a first idle step 300, the antenna 20 associated with the respective 
access point 14 is initially set into an omni-directional mode. In this omni- 
directional mode, a state 320 is then entered in which the preamble portion and/or 
header of a received signal is detected. In state 330, the initial portion of the 
received signal is examined to identify it uniquely. If the received signal is 
unknown, e.g., die node 12 which originated the signal has not been seen before, the 
antenna is then set in an angle search mode in state 322. In this mode, the antenna 
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20 is therefore stepped through a sequence of directional angles to find a direction of 
maximum received signal strength, signal quality, lowest Bit Error Rate (BER) or 
ottier signal quality metric. In state 323, when this angle is determined, it is recorded 
and associated with the device identification information, such as a table entry 25 
associated with that device. The table as shown in Fig. 1 may be kept by the access 
point 14 as part of its message routing table. 

In any event, the access point 14 may then enter a state 324 in which during 
active receptions, the optimum angle is continuously adjusted while receiving the 
payload data portion of the frame. If reception of the frame is then lost or otherwise 
completed, then the last best known angle is receded in the table, and processing 
returns to the initial state 310. 

If from state 330 the signal was able to be identified, e.g., a signal has been 
previously received from the transmitting node 12, then processing proceeds to a 
state 325 in which the last known angle is looked up in the table 25 . This last known 
angle is then used by the controller 30 to steer the array to the last known position. 
The array then remains in this last known position at least for reception of the 
payload portion of the signal in state 326. From there, the state 324 may continue to 
be entered as the payload portion is being received whereby the angle is continuously 
adjusted while it is active and any updates are then recorded in the table 25. 

The state 328 may be entered from state 326 if the unit is in a relay mode, 
where the best received angle may be used a subsequent transmissions to that same 
node. 

Fig. 4 is a diagram of a slightly modified process that may also be used 
according to the present invention. The number of steps of the process in Fig. 4 
correspond, more or less, to the steps of Fig. 3. For example, from a first idle step 
300, the antenna 20 is initially set in step 310 to an omni-directional mode. 
However, in this embodiment higher layer level signaling is examined. For 
example, in step 3 15, a Request to Send (RTS) message is detected such as at a link 
layer. In step 330, the message is again examined to see if the originator has a 
known identification. If so, steps 325 and 326 proceed as previously where the last 
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known angle associated with that sender is determined in step 325 and the antenna 
20 is steered to the last known angle in step 326. In this instance, the unit will then 
send a Clear to Send (CTS) message in step 340 with the antenna now set to the last 
known angle. 

If however, back in step 330, if the identification of the detected RTS is not 
known, then an angle search proceeds in state 322 and the ID and angle of the best 
reception state is recorded in step 323. Step 324 continues as previously where the 
angle may be adjusted while active payload data is being received. Step 345 may be 
entered when the signal detection is lost and/or an end of message (EOM) is 
received. 

Returning attention to an instance in which the last known angle is steered to 
in state 326, a Clear to Send (CTS) message is sent step 340. Next, a CTS 
acknowledgement is waited for in step 342. The acknowledgement would typically 
be received within a predetermined amount of time or otherwise a time-out condition 
exists. If the acknowledgement is received, then the specified angle is presumed to 
be okay and in state 344 and then processing may proceed to step 324. However, if a 
time-out does occur in step 342, then it is presumed that the angle to which the 
antenna 20 was steered is bad and therefore the angle search state 322 must be 
entered. 

The foregoing methods are particularly useful in applying an application to 
an access node or central base station unit wherein it is intended to service a number 
of remote subscriber units. 

However, another embodiment of the invention can be applied to advantage 
in a subscriber unit as follows. This set of operations is illustrated in Fig. 5. In a 
first step 500, the antenna is set to a directional mode. For example, it is typically 
common that the subscriber will have the given information with respect to its 
candidate direction in which the base station exists. In step 510, a Request to Send 
(RTS) message is sent in a directional mode. In step 520, if a Clear to Send (CTS) 
message is received back from the base station, then it can be presumed that the 
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antenna direction setting is okay in step 522 and the link layer communications may 
proceed in step 524. 

If however, in step 520 there is no CTS received within a time-out period, 
then it is presumed that the antenna is incorrectly set Thus, an omni-directional 
mode is entered in step 528 and the RTS message is sent in step 540. Processing 
then proceeds from that point similar to that described in Fig. 3 and/or Fig. 4, i.e., an 
angle search is performed to properly set the antenna in step 544 and the setting is 
recorded in step 548. 

Fig. 5 illustrates a sequence of higher level messages that may be sent in a 
typical network computer environment. Specifically, a source station which may 
either be the access point 14-1 or remote stations 12, sends a message 610. The 
message 610 may consist of one or more packets that have the previously described 
preamble, header, and payload portions. The message may be a relatively detailed 
message or may be a relatively simple message such as a request to set up a 
connection and send further information. 

In response to receipt of the message 610, the destination station is expected 
to return and acknowledgement message 612. This acknowledgement message 612 
may have a preamble portion and a header portion that specifically has a header or 
payload portion that is a known acknowledgement (ACK) fomaat. The higher layer 
protocol may be, for example, implemented at a link layer. 

The present mvention may make use of these higher layer protocol units to 
invoke other protocols to help train the antenna. 

The acknowledgement message 612 is sent upon receipt of a proper message 
610 at the destination station. However, situations may also exit 614 in which no 
acknowledgement is sent firom tfie destination. This is typically done if the message 
is not received within a predetermined period of time at the destination. In that 
manner, the source will know to attempt to retransmit the message 610. This 
acknowledgement protocol is typical of higher layer protocols in widespread usage 
in data communication networks typical of the Transmission Control 
Protocol/Internet Protocol (TCP/IE) protocol used in Internet data communications. 
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It may become necessary to use the higher layer protocol infonnation in 
certain circumstances wherein the physical layer protocols do not permit time to 
demodulate the data frame and/or do not contain identification of the sending station 
in the preamble portion. Such protocols present a problem in that there is no way to 
know transmitter ends without some type of demodulation taking place. However, 
there is, in turn, no time in which to or there is no time in which to demodulate the 
signal. For example, it may not be possible to determine quality of a reception until 
after an entire frame is processed. This may depend upon the specific coding used 
for the frame. In addition, certain protocols may use preamble portions that are too 
short in duration to identify the best direction in time for this antenna array to be 
affectively steered to the appropriate direction. For example, 802. 11 B Standard is 
potentially acceptable in this regard. However, protocols such as the 802.1 1 A 
Wireless LAN Standard may not provide sufficient duration preamble. In addition, 
the wireless LAN protocols work on a similar radio link protocol that is similar to 
Ethernet In particular, a positive acknowledgement radio link protocol is used. For 
example, if correctly received packets are acknowledged whereas incorrectly 
received packets are not. Thus, the non-acknowledgement test can be performed at a 
radio link protocol layer and/or higher level layers. 

Essentially, the process is shown as in Fig. 6. For an initial idle state 600, 
tenant array 20 is first steered to an omni-directional state. 

In a next state 712, a transmission is received. When this packet is received 
correctly, a state 714 is entered in which the acknowledgement 612 that would 
normally be sent is suppressed. Therefore, the unit enters a mode in which no 
acknowledgement is sent 614. This permits entry to a state 71 6 in which the angle 
for the antenna may be set The suppression of the acknowledgement in state 714 
causes a second receipt of the packet in state 718. In this second receipt in state 720, 
the received quality is compared. If the received quality is not adequate, then the 
process loops back to state 714 in which the acknowledgement is suppressed once 
again. Step 714 through 720 are continuously executed until an acceptable received 
packet quality is determined in state 720. When this occurs, control passes to state 
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722 in which an acknowledgement is presently sent The set angle is then recorded 
with the identification of the unit for subsequent communication with that unit. 

It should be understood that in certain instances upon receipt of the packet in 
712, if the identification of the unit can be determined, then the angle may be more 
appropriately set upon the second try in state 716, such as in shown in Fig. 3. For 
example, if the identification of the remote unit can be made from the received 
packet in state 712, then the angle search associated with step 714 through 720 can 
proceed more expeditiously. 

What is important to note here is that the higher layer protocol is being used 
to force a retransmission of a packet for the purpose of optimizing the antenna array 
setting. Other protocol attributes or units could be used for similar results. For 
example, a contention-free window can be set up by certain protocols using a so- 
called PCF or HCF mode. In the PCF mode, a means is provided for discovering the 
best angle that can be controlled by an access point as to which units will be 
transmitting during a certain period of time. Thus, the identification of the unit 
being known in advance, the antenna can be steered to the last known direction for 
the communication prior to its receipt. Thus, the control messages may be set up 
while an omni-directional mode then when transmitting to the remote unit, the 
directed mode can in HCF or Hybrid Coordination Function can be determined. 

Turning attention more particularly to Fig, 8, an 802, 1 1 access point 12 has 
essentially two modes, including a distributed correlation function (DCF) mode 810 
and a point coordination function (PCF) mode 830. In the DCF mode, 
communication is basically contention-based whereby any one of the subscriber 
units 12 maybe allowed to attempt to send messages to the access point 14 at any 
point in time. The PCF mode 830 is entered into from time to time to provide a 
mode in which contention-free communication is possible. Thus, while in the PCF 
mode, the system guarantees to a particular subscriber unit 12 that it will be able to 
have exclusive access to the airwaves and send messages to the access point 814, 
firee of any collision with other subscriber units 12, 
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Thus, in one state 812 associated with DCF mode 810, the access point 14 
receives requests on a sporadic basis from particular subscriber units 12 to be 
granted contention-free areas (CF) at a later time. Eventually, the PCF mode is 
entered in state 830. In this state» the antenna is first sent to an omni-directional 
mode 832. in a next state 834, a beacon signal is sent to all subscriber units 12 to 
indicate that the PCF mode is being entered into. This is a signal to all units to listen 
for upcoming polling information to determine if they will be granted a contention- 
free period. A poll signal is then sent out at state 834. A response to the poll signal 
in state 834 determines a particular identifier of one of the subscriber units 12 which 
is to be granted contention-free access during the PCF mode. It should be 
understood tiiat during any given PCF mode, a number of different subscriber units 
12 may be granted exclusive use or may be granted a contention-free period one after 
the other. 

From its schedule of subscriber units 12 tiiat have requested contention-free 
periods, the access point in state 834 polls the first such unit on its list. The poll 
message is sent by steering the antenna to the last known location or correct angle 
for the particular identified subscriber unit 12. This particular PCF message is then 
sent in step 838 as a contention-fi:ee message. Steps 834 ttirough 838 are then 
continuously executed until each of the subscriber units that had requested a CF 
eventually be granted their turn at a contention-free period. Upon each subsequent 
such subscriber unit 12 being accessed during the contention-free period, the antenna 
will be steered to its respective appropriate direction in the state 836 prior to sending * 
the associated PCF message for the particular subscriber unit 12. At the end of the 
contention-free processing in state 838, the access unit may then steer the antenna 
array 20 back to an omni-directional mode so that in a state 840, a contention-free 
period end message may be sent to all of the subscriber units so that they may 
understand that the end of PCF mode has been reached and that the system is then 
now returning to a DCF mode in state 810. 

While this invention has been particularly shown and described with 
references to preferred embodiments thereof, it will be understood by those skilled in 
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the art fliat various changes in fonn and details may be made therein without 
departing from the scope of flie invention encompassed by the appended claims. 
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CLAIMS 

What is claimed is: 

1 . A metiiod for operating a wireless data communication system in which a 
first station communicates with a second station using a wireless physical 
layer signaling protocol, and the first station making use of a directional 
antenna, the method comprising the steps of: 

detemiining when a wireless signal containing a data packet is being 
received by the first station; 

detennining an identification of a transmitting second station that 
transmitted the wireless signal to the first station &om a first portion of the 
transmission fi^om the second station; 

using the determined identification of the second station to determine 
parameters for the directional anteima array; and 

during reception of a subsequent portion of the signal transmission 
from the second station, steering the directional anteima according to the 
parameters for the identified second station. 

2. A method as in claim 1 wherein the first station is an access point, and the 
second station is a remote station. 

3. A method as in claim 1 wherein the first station is a remote station and the 
second station is an access point. 

4. A method as in claim 1 wherein the first received portion is a preamble of a 
fi:ame. 

5. A method as in claim 1 wherein the first portion of the received signal is a 
first packet in a series of packets. 
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6. A method as in claim 1 wherein the subsequent transmission is a later portion 
of the firame. 

7. A method as in claim 1 wherein the subsequent transmission is a later frame 
in a series of transmitted frames. 

8. A metibod as in claim 1 wherein the directional antenna is a steerable array of 
multiple antenna elements. 

9. A method as in claim 4 wherein the preamble portion of the data frame is 
encoded with a more robust modulation scheme than tiie following portions 
of the transmission. 

10. A method as in claim 4 wherein the preamble portion may have one of a 
plurality of possible preamble formats. 

11. A method as in claim 4 wherein the preamble portion contains sender 
identification and the payload is regarded as subsequently sent frames. 

12. A method as in claim 1 wherein antenna array parameters are associated with 
the identification of the second station. 

13. A method as in claim 13 wherein the unit identification and antenna 
parameters are stored in a table associated with a network layer address 
associated with forwarding communications between the first and second 
station. 
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14. A method as in claim 13 wherein the network address is an Internet Protocol 
address and the first station performs routing fimctions for network layer 
messaging. 

15. A method as in claim 1 additionally comprising the step of: 

if it is not possible to determine an identification of antenna 
parameters firom the identification of the second station, 

searching for an anteima parameter setting to determine an 
optimum direction for receipt of communications from the second 
station. 

16. A method as in claim 1 wherein the step of determining an identification of 
the transmitting second station occurs from a portion of the communication 
received while the antenna is operating in an omni-directional mode. 

17. A method as in claim 1 wherein a robust, lower coded modulation type is 
used during transmission of a first portion, and a higher coded modulation 
type is used during a later portion of the transmission from the second 
station. 

18. A method as in claim 17 wherein the identification information is located in 
the higher coded portion of the transmission. 

19. A method as in claim 17 wherein the directional antenna is steered to the last 
known direction before later portions of the transmission are received. 

20. A method as in claim 19 wherein the later portions of the transmission may 
also be subsequently transmitted data frames. 



21. 



A method as in claim 7 additionally comprising the step of: 
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if identification of the transmitting second station is unknown, 
steering the directional antenna to determine an optimum direction for receipt 
of conmiunications. 

22. A method as in claim 21 wherein the identification is determined after the 
reception of a first frame. 

23. A method as in claim 8 additionally comprising the step of: 

after the optimum direction is determined, storing the direction 
information, together with the unit identification information, for use in 
subsequent processing of signals received from the identified unit. 

24. A method as in claim 1 additionally comprising the step of: 

sending a Clear to Send (CTS) indication from the first station to the 
second station; 

listening for receipt of an acknowledgement of the Clear to Send 

signal; 

if such acknowledgement is received, determining that the present 
setting of the directional antenna is sufficient; and 

if the acknowledgement is not received, then determining a different 
angle for the transmission. 

25. A method for operating a communication network in which a first station 
communicates with a second station using wireless physical layer signaling 
and comprising die steps of: 

setting an omni-directional mode for an antenna array; 
receiving transmissions at the first station from the second station; 
determining an identification of the second station from the received 
transmission; and 
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Steering the directional antenna array in the direction of the last 
known location for the identified unit. 

26. A method as in claim 25 wherein the first station is an access point and the 
second station is a remote station. 

27. A method as in claim 25 wherein the first station is a remote station and the 
second station is an access point. 

28. A method as in claim 25 wherein the first portion of the transmission is a 
preamble of a data &ame. 

29. A method as in claim 25 wherein the first portion of the transmission is a 
first packet 

30. A method as in claim 25 wherein a subsequent transmission is a later portion 
of a data frame. 

31 . A method as in claim 25 wherein a subsequent transmission is a later 
transmitted packet. 

32. A method as in claim 28 wherein the preamble portion is a complete data 
frame containing identification of a sender. 

33. A method as in claim 25 wherein the step of determining identification of the 
transmitting second station occurs firom a portion of the transmission 
received while the antenna is operating in the omni-directional mode. 

34. A method as in claim 33 wherein identification is contained in a higher 
coded portion of the transmission. 
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35. A method as in claim 25 wherein the directional antenna is steered to the last 
known direction before later portions of the transmission begin. 

36. A method as in claim 25 additionally comprising the step of: 

if identification of die second station is not determined, steering the 
directional antenna through a series of candidate directions to determine an 
optimum direction for receipt of communications &om the transmitting unit. 

37. A method as in claim 36 additionally comprising the step of: 

after the optimum direction is determined, storing the direction 
information, together with the unit identification information, for use in 
subsequent processing of signals received fix>m the identified unit. 

38. A method as in claim 5 additionally comprising the step of: 

.during a sequence of known series of transferred packets, steering the 
antenna array without concem for packet loss. 

39. A method as in claim 38 additionally comprising the step of: 

employing a packet acknowledgement mechanism to recover any lost 

data. 

40. A method as in claim 38 additionally comprising the step of: 

relying on a radio link control protocol (RLP) mechanism to recover 
lost packets. 

41 . A method of operating a communication system in which a first and second 
station exchanges information, the communication occurring using wireless 
physical layer signaling, and the first station making use of a directional 
antenna, the method comprising the steps of: 
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detennining when a wireless signal is being received from the second 
station at the first station; 

utilizing messages at a protocol layer higher than the physical layer to 
control transmission and retransmission of data from a specific second 
station; and 

using the transmitted messages at higher layer protocols to steer the 
antenna array. 

42. A mefliod as in claim 41 wherein the protocol attributes are used to force a 
retransmission of the data packet for the purpose of optimizing the antenna 
array steering. 

43. A method as in claim 42 wherein the protocol attribute is an 
acknowledgement (ACK) returned from the first station to ttie second station. 

44. A method as in claim 43 wherein the acknowledgement message is 
suppressed in order to force a retransmission from the second station to the 

( first station. 

45. A method as in claim 44 wherein the acknowledgment suppression is 
performed only upon one of a number, N, of transmissions to provide for 
reduction in duty cycle of the adaptation of the antenna. 

46. A method as in claim 43 additionally comprising the step of: 

after the first acknowledgement suppression, identifying the second 
station from which the transmission is being received to determine an angle 
for the antenna based upon the history of past transmissions from the specific 
second station. 
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47. A method as in claim 41 wherein the protocol units utilize Request to Send 
(RTS) and Clear to Send (CTS) protocol data units to ensure transmission of 
firames from a specific second station. 

5 48. A method as in claim 41 wherein the protocol units are Point Coordination 
Function (PCF) entities that only request a specific second station to 
transmit 
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mm t^^T iyy'i-nm(Dmm^mit^v. mmnm c^itj) i: :^[b]<d^s©m 
^ {c s fi ? n /-ci^ ffl n § o 

[00 1 3 ] 

ii2iisim^T't±. *fgB^tis mm<Dmmmmt\s]mic. mmjp]it^ ^xfrni^^^e- \i <o 30 

W:^^<^ffl-r«o ^2^iSSJgffifi:fett^7'n-{rX©^iXry7'-ea. Tzy^r-t'TU- 
««lfgl^14^:- KfcKS^n^o :^tcS««^<o^ 1 gp^*^^*;J iSiMS^ CRTS 

) ^ y -t - (D j;: rj: V y ^ mm iL :^ -y -t — if' s m n ^ m ^ nk^-r ^ . R T s ti^^m 
?nfc^. R T s ^331® L /iiinniflopsij'if ^^isffl LT. mm <D ^^(D m ^ m 
m^-r T>7^-f-7u-*^co:^i^(ci«iit. fij^tf. ^mmm^7 ccts) 

>y So C T S cDjS^gF3b^S©5na i: . m«^X 7^ :/{ciityo CTSIS^ 

[0014] 40 
[0015] 

*%B^(7)?p,{csij(Diissj^ffi^±. JWToaitc. T u-^^m-r ^ o mmm^ (rts) £d 

T'. SM^-Htcfel^TSft!pfiS^7 (CIS) }g^©SM«r^-Oo 
[00 1 6 ] 
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tm^-^ti^o 

[0017] 
[0018] 

^iiWi^-YV'^^-^-yh-r^nhn;!/ (i p) ^ y h "7 - ic is - ■$> mm t mmX' 

t±v tu^O:?. y h y-^' rt<DltS!(<0/- KtCjltfLT. S « ^ - F Jc 1/^ T «B Hi * n T S 10 

« . I P T F 1^ X M » # It ^ n fc ;l/ ^ 7 y • X - >^ ;l/ ^ @ {c ^ $ n T 1/^ <5 i d 
[0019] 

[0020] 

01 :$.mmi)'^mm-^n^mm7'-^mm^y h'y--^ 1 oow^Tc^n-yi/Er-fet) 

. d CD:?. <y F ^7- 1 0 fiRJ^ If . - Fl 2feJ;tf-r^:S'-:*.'yF 1 8© 

xji«-r«^y Fy-^j'-efc^o 

[ 0 0 2 1 ] 

fflfflfcti. |glcD#S«gLAN (n-;?7;l/-x>J7-^'yhy-^^) 1 1-1 /-Fl 
2-1-1. 12-1-2. . . . 12-l-nfCj:»3JgfiK?nSo c:n?>y — F12- 30 
lt±s @W<Dy* — vyh<DSSiKgfi^;S:ffli,>T. tiStc. *^o^l7'^-feX-j}^i'yFl 
4-lfcji«-rSo *ilflI#Z>T--^'TU— 20-lt±miOiS*8LANl 1-1P«307 

^■bx•v1<-Y>'hl4-l^col/^T^sffl:^n^o T^-trx->-}^-i'>'hi4-i«. 
rir!:mmm^m.m^^ . y-F^x-Y i e - i ^/rbT-r:/^f-^>y Fji«-r^©{cji-r 
sTc p/i py* — -^-y FCDid^iiiE^Wi^y* — Ffc^^-rsssu^m/ci-ro 

[ 0 0 2 2 ] 

^ 1 (DMB. LANll-li:|WIC<.ll2 (DM^ LAN«. / — Fl2-2-p. T^^T" 
■^20-2. 7'i^-feX-#-l'i'hl4-2. :feJ:0Py-h"i7x^'16-2i;|5|«*M^{C 

[ 0 0 2 3 ] 40 

^y — Fl 2 l±. —^iclimm:^^ VV — ^ - -YV^yx-X • ij—Y (N I C) 

b fc^^S^^- y ^ ;i/ • 3 > e a. - (PC) T-fe^ jii5Si^**#tyo fflAffl^^'lf 
* (PDA) . X X ^ F y tr i - ^ if ©gij© ^ 3 > vf i -rJf SB. 

fccfct>'ffi«^-y Fy-^litg«rWrsS«t*iJfflTff5o 

[ 0 0 2 4 ] 

7':J'-feX'^-i':/F (AP) 14-1«. SS^^«yFy — ^'lOii'i'^^' — ^^yFl8€) 
J;3^«ili^y Fy-i^fc©^©-ffl<D:^U -yS^fcLTf^ffl-rSc Z^'-lrX • if^^f y V 1 
4-l«. |?S«i^^yFy-^-e{^ffl?nS!i^a«<i^{cWLTS«fi^fcLTf^fflL. 

©iSi^y-F 12-1-1 12-l-n07'^-feX>g:Wi8S^>yhy-:J'±{C*J6 

So T^'-feX-:j<-l'>'Fl 4«a#. J; tfjMMa. *?)t>*fc:lEEE802 50 
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. 11 Ethernet-l'V^-7i— X<DJ;3*#iSI^>yhy — — 

-bx • Ji?-r h 1 4 tt-lfifc. fiSJ^if . 8 0 2. 1 :/U -y i^^lSfc Ji-^f « U z/ ■tf 

^ S {± r U y i: L T ffl f « o 
[ 0 0 2 5 ] 

n^MBL A N m^ys^mmicim^x t ^ -tx • i 4- 1 «t-->';1'2 s^fii 

ii<Dx-:^;i/2 5t±. a^yHSSiJtf^«>cJ;^*/-Fi2{cMa-r-5iligUt»iiJs 
fecttfftSOck -5*. §y-Kl 2^cB§a•r«7V7^:^^«^^^^-^*^SIflT'#«o 7 10 

i/-.3VhD — ^3ot±. n&^m^T ^ c t ic ^ 0 . T i^T-i- 2 0 - 1 ^<^^yjj^ic 

ioiit^c:h*^T-#-s.o T^-fex-.K-Y^'hi 4-icD^i^ses«t±. SfS«^?S)S!t^ 

(Rss I) . tr-^h •x'^-^ (BER) . m^nti ^tcii^mm^s,s.^^ 

•r fa© ;>{ h U ^ © J; d h U ^ (metric) ^'^^T ^ ^i^mm& i> -^ts 

o 

[ 0 0 2 6 ] 

02AfeJ;Cf2Ba. M«l LAN tt^ IEEE 8 0 2. lib icM^S nXl^ ^ 2: v tS: 

s ^ y -t — i^mrciiy \y~i.mm<Dy ^-^ y h ^^tc :^ y -t - nm t ^ -t x mm 

(MAC) m:fVTyy}l^. feiU'-^-rn-FgP^SfctiT'nhn/UJg^'r-^ 
.:x-yh(PSDU)ji)^?>^^^n-So IEEE 802. ll{c:fet)-^p{>y-fe — i^ti 20 

. 02Afc^-r^^yfe-5^fcM3lLTfflv>en«<t'5;&n>'y ( long) • U 7 v ;i/ • 

^-f:/. j3<i;tf02B{c^-r<td*>^3-h (short) ■•fVTZ/y)V-^-fy<DEt>^ 
tt^n^o 02A{C^-r7U — A«:7:t — -^-yhii. ^n-miMbps$fc«2Mbp 

sT?RF^{t:?n« — «/w?-u-ffiffli/:7h - ^^--Tvi^ (DBPSK) ^tcitummn 

Umz^y h • ^--^ (DQPSK) (Di:^?.A^^fflV^T. -^-fD-KgpiJ-^^ii-r^ 

o H2BtC^-r:7U— — V>vhi±DQPSK^ffil/^T. 5. 5Mbps$fe(±l 
1Mb p sOx— ^ • l^— F^mSfSo 
[ 0 0 2 7 ] 

. f^-^ •'^-i'D-F@P5i-tcit'<TJ;!3iif=F#'tt<D;*c#i.^jS3t35:??F^{t::^^^?'Jffl-r-5o 

S o 

[ 0 0 2 8 ] 
[ 0 0 2 9 ] 

a^-To c:<D^a#«B«. y-Ki27t)^^fi^%S«-r«i:|nI^fc7i'-lrx-^-i'>'hi4 

T'UfT^n. -iKfctisaMsoKfciift^n^o 40 

[ 0 0 3 0 ] 

«1sa<07i'K;i'XT--y:/3 0 0 7b^e,:^cDXT--y:/3 1 OT't±. #7^-bx-.Ki'>hi 4 
{c:Ma-r « 7 >-r 2 0 tt. g«J«ft|}t|«l'tt^-- F{cia^^n«o <i ©SSi^l^tt*- Ft? 

i^{cKiftttlls/-c«X7^>y7'3 2 0 fcAt). S««^O7'y7>y;PgP5^-fe<J;0/S 

/-c«-\'y:5^"A^1^fcB^nSo »J#«® 3 3 0 T'tt. S««^flD5feSg|5^*^^4^nT. 

illSfJ^nfcc:i:*^*(/^«-&. 7^^'r-^- t±»if^4^^3 2 2TftS8ilfs*-Ftcia^?n§o 
co^-FT'li. 7^^7^-^2 0f±. fifpj^a^miJgegtc^fk^-ii^ i: t?. 

mm., mi^m^^^n. m<}^<D\f: >y h • x^-^ ( b e r ) s fctiffl<D<i^p°D« / h v ^ 
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y ^ — iP ' )\/-7- ^ 1/ ^ ' 7- — -f )\/<0~^t\^X . ^T^-feJ^-jH^rvhl 4tc<fct)«iJ^ 

^ n s o 

[ 0 0 3 1 ] 

i/^-rn{c-^J:.:^^t<:. T ^ -ir 7. • if^ ^ y Y \ A \,tm^^m Z 2 A K K> . y U- AO^m 
[ 0 0 3 2 ] 10 

i»if^«^ 3 3 0 T'. «^5b^iisgij^ nfc«^. ^j^ti. h* 1 2 *^ e.«Hu{-s 

«?n/cili:*^fe^^^. 5aS^)lltil!)f^«^3 2 5 {Cji*L. ^(D/-Kl2tC*f/t>-r5 
^frOgE^^Sjb^T^-T/yl/ZSrtT-^^^nSo :^tc. nyha-'^SOtiCioSffOgE 
ftlftfi^ffifflLT. T V-r • T b-*^OSff OgE^Ittll (^^«) « :^ [nl {c 1^1 « o ^ 

®4'fi:»if^«^3 2 6 *^?.i&fPtt^3 2 4 fcA-s>rfeJ:<. ^€)«-&. TVf-:^fta<Dp 
^*^i^MbTfft3nsfei6. g3S^fi{cB8-rS'tf^©Sfr*^-r-:/;I/2 Sfctafii^nSo 

[ 0 0 3 3 ] 

b*<*ii*-K{cfe^»^. T ^-tX - d^-ryh 1 4t±. i/jf^tt^S 2 6*^P>Sj{^ 20 
tt^ 3 2 8 fcA»3. SjiS«^««rlR|-y- K'sOj^MtcMffl-r So 
[ 0 0 3 4 ] 

134 urns ic ^ L fc -f ti -t X <D — ^ ^ fc mm^ m<D m X ^ <!) . c <D^m^^^mic 

<tDiSffl-p*«o m 4 <D zf V -b X <D 7. y y mi± . 03<DXT--v:/'iS{c:(${f— St-rSo 09 
it If. s«jcDT^H;i'X-r«v:/3 00®:^<oxxy:/3io-^. 7'v-r-?-2 0ttai?jfc^ 

?n«o C?IJA.tf. Xx<yy3 1 StcfeV^T. iMftSsR (RTS) — 

<fc5*iitcfcv^T:^m?n«o XT-'y:/3 3 0T?ti. ^<D ^ y "t — i^i^mm^^-i^ tx. m 

3 ic ^ h fr y xn -t X t IC X 7- y 3 2 Sfeckth'S 2 6 ic ^ . X yf 3 2 5-?rjMfi 30 

m<om.^nm.<of5^\7i^i,^ tbn^. z. :K\^X7- v z 4 o-e. :x::::>y M±. gjgr 

OK»l^lJ*{C^S?nTI/>STVT--^-«rfflt^T. SM*P«i^7 (Clear to Send= C T S 

[ 0 0 3 5 ] 

fcfcbs Xx>y:/ 3 3 0-p. ^asnfc R T S OUglJIf ^*^g!t^T-:&l/>«-a-. Klf'^^SS 

2 2T'ftafgl^AMTt:'n. X'r<y:/3 2 3 T' I D. fc<tt;«3lgfi«ffii:^«ftJg*^t5S^ 
5nSo:^{i:. 03{c^Lfc:/a-trXi:|Bl^(cXry:/3 2 4 (cji^^^. T ^ f ^ - 

^*3<fcr>*/'Sfc{±>{-y-lr — S^®i^7 (EOM) ^rS^tU/cfc^. XT->y:/3 4 5 tcASo 40 
[ 0 0 3 6 ] 

^*5. l!l{lFt^^3 2 6 {cfe(/>T7>'X-^*^«ff©e£ft]ftja{crRlit?.n-5^^v 04{i:^-r 
Xx-y^3 4 0 {c:fel/>T. S«*Pfii^7 (CTS) >«-y-lr-i?*^j||©^nSo :^ 

(c. x^ -J f 3 A 2-Q . c Tsjs^^^-^ojs^g: «-fla{c. ms<o^r^F^{cs«?n«*^ 

3 4 4 T*. ^(D!tt^ftJK*^«3iT'fe«i:Jt^^n. ^fc. «aS^)lit±Xx-y>^3 2 4fcJi 
Ay-efecfcl^o fcfcL. X-r-y:/3 4 2-e^f-i'AT'>FJb^^^t-S«-&. T -f 2 <^ 
«*^«jiT'*t/> fc«l^^n. L/c*^oT, Saiig^^Slf^^^^ 3 2 2 {c:feV^Tff fcn«<25. 
S 7b^ « § o 

[ 0 0 3 7 ] 50 
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[ 0 0 3 8 ] 

*nA#:i--y Mi — )S:t^^ Siffi^ *^#i£-r 5 . i: * S 7? i^i tc M "T 5 m S 
^^WrSo Xx>y:/510T'«. KifiS* (RTS) ^^y-t-i^^^mi^tt^-KT-iM^ 
^n^o Xx-yy5 2 0 T-«. »ia^*^?.c0S{i^e^7 (CTS) ^ - tl^ ^ m S 

ntcm^. 7. X -y 5 2 2 ^cfc^^T. 7>x^o73(^^«*^«i@T'$.« ta^^n. 'J y 

^^Hil^^^Xx >y 5 2 4 fCfel/^TlS^^nSe 10 
[ 0 0 3 9 ] 

jeiRitt^-Ffc^S^^n. XT->y:/5 4 0 {cfei,^TRTSp«>y-ir-5?*^jii«^nSo 

. 03fej:tf/'^fc:tt04{c^Lfc:/D-trXi:|lIiSfi:s X7^>;/:/5 4 4 {^:^3^^rftiSf^ii^ 
^mnhX. T > y-i- ^mmicWi^L . XT--y:/5 4 8»c:fel^T^<DtaS*^WH^^n^o 
[ 0 0 4 0 ] 

— i^J&^-To s^iBtcti. 7i'-feX->-}^-i'>h 1 4-lSfcaJSPi^l 2(Oif-^?>*^ 
T'fe^5g«^*^^-y-b-v'6 1 0Jg:jM«-rSo p<>y-fe — v'G 1 0i±lO^/c:t±1fi^c0/iy 20 

Mt^o ^y-tr-s^i±s Jt«!?e5Wffl* p« -y -fe-i^T' t <t < . ^ fc « 3 :^ 3 A L 

[ 0 0 4 1 ] 

^^^l±x ;><'yfe-i^6 1 OcoSWtcfS^LT. *S^^«yfe-i^6 1 2*)g3il'rsfc ^SPJ 

^n^o c:<DiSi§:>«'y{r-i^6 i 2«. Wffl^cJi. (A 

CK) :7 * - >y h T'fe -1. . >y ti^-r D - K gp^j-^*-r -5 >y ^^'gp^^- i: * w-r « 

[ 0 0 4 2 ] 

*fgH^t±iltxP.±ffiS<^)yn hn;l/ • rt:^>y h^i^ffiLTv SiJ<d:/d hn;l/%(qil>*mb^ 30 
[ 0 0 4 3 ] 

]S^;^<y-{r-i^6 1 2{i. ^5t;^{cfei/^T3giE:^;>^-y-fe--:^'6 1 0^gM-r-g.i:lRl^{i:jM 

fisn^o re rev. ^^^is^m^mij^'^mm-s tx^^^^mi^^me i 4 i^^tEf cnt*- 

«^T-. ^< -y -fe-i^ 6 1 0 ^ S « "T « '14 * ^Wl « o c:<0*o;«F:/n h=j;b 

(i. -f'V:?? — ^-yh-x— ^jlMT^SfflcrnSTCP/IP (Transmission Control Pr 
otocol/ Internet Protocol) X' i^B. ^ tx — MM ^ -y hU — ■i'P^XmiA^^^^nX 

[ 0 0 4 4 ] 40 
h 3 ;l/1f ffi*<gffl-r -SigSS^^fe « o J; 3 *:/n h 3;l/{±. It S ^ O « IS ■f « 

^^t\.x. m^^mm-r ^mmii^m^^. m^a. 7 A^i^^^as-r^fi^r-. 

[^^aSfSCfctiT'^^i/^o m^-i-i. 8 0 2. 1 1 bM<S«c:co^{cMLT*#{Cii^ 
bf#5oL>b^b. 8 02. lla^iRaLAN*it&©Jc^*:/ah:3;l/« + ^J-:Q::rUT:/:^ 50 



JP 2005-503061 A 2005.1.27 



;Vmm^m^T'^rj:i,^m-^ti^^^o ^ ^ic. mm L a N •/ u V =2 H ^ E t h e r n e t 
[ 0 0 4 5 ] 

7 0 0 <D^X<DWiifi^m7 1 OTt±. T>r-i- • Zl^-Z 0«S«Jtc^}ii^'|4{c|9:^^n« 

o 

[ 0 0 4 6 ] 10 

. »)#«^7 1 4{cfe(,^T. a#T'«5M«^ n§^c:;^§: 6 1 2 (06) <ommi}^<^±-^tx^ 

o Vfcff-oX. a^-yhi±, lS^*^tTt)ti^t/^i&f^ttS6 1 4 (06) (cASo cntcJ: 
t) . i&f^*«®7 1 6{i:fet,>T, T :/7"-^^iaf*^S^^n-So i&f^«ffi7 1 4{i::fetJ^f5S 

ti. 2iHi@{cs«L«:/^'5r-y h<D^ms>m.t 1 leiatcswLfc/^y-y h©^ni;^ite?-r 

«o S«laSS*^®iEt?:&V^«-a•^ :^n-feXtti&f^t^^7 l 4fcMt)x ^©2liiafcS«L 
Tc/i^ y h IcM-t ^ J^^^ti<^mA^ ±fE tl^ . 7.y- f 1 1 4~7 2 Ott. Slf^*?M7 2 0 

Kib^^K^nSi:. 7'a-feXt±l&f^tt«87 2 2 t<:jt»i. iS^^A^it^fCjMil^nSo ^^fc 20 

[ 0 0 4 7 ] 

^ *5 . S <?:> ^ ^ f± . X x >y >^ 7 1 2 J3 ;s -y h © S fi ^ - -y h © fi gij M ^ 
*}*ST'^^#-a-. a3{c;^L/-c©i:|Biai{c. ii)f^t^ft87 1 6{ct3l^T^fit±. ^©/^^ 
yh*^2|5ig{j:SM?n/'clS{cJ:?)«SJ;<ia^t?#So apgn-j^y hopgiJIf 

$8*^»f^«ffi7 1 2{c^3l,^Tg«L/c:/^-;^>y^*^e,gSl^-p|r-5»^. 7.^ v ^1 1 4~7 

2 0{cMauTtTt)n«ftasi^«jfljSttft3n«o 

[ 0 0 4 8 ] 

T yy-i- ' T u-m^^mmitt ^ c tx^^o mm<Dm^^n^rc^\c^ m<Dfti hn 30 
)v m'\&'^ fci,t :x ~ y V ^ mm X ^ ^ o m^ii. t> ^ p c f $ /t « h c f - k ^ m t,^ 

So It^or/D hn/l/fcjcfjnvxvi^gv • 7y - («|j|ft-a-) > K -j^^is^-e^s 
o P C F ^ — F T' t± . ^ (D «g if © -y h in f S *^ M L T . T ^ -fe X 

• h tc J: t) SiJSilT' ^ S Sjg^ JSf ^mtll-r^@*<fli« ? ns o b/c:A<oTs n.--y h 
©fflJSiJ1«^*^^46gE»IT'fetitf. S ft fc $fe ic . T ^T--:f-^«0rcDg!E»©^(Hl (^jK) {c 
iRlttraMt-S d So SiJ®l;>< -y -fc-'^tt. ft! It itOtt* - K O fSS 
7?^. jiRS:^. - <y h {ciiHi-r S i: ^ s HCF (Hybrid Coordination Function l^g-g-^J® 
iiSltg) ^- Ktcfett SJglRlttt- K^giiST-^ So 

[ 0 0 4 9 ] 

^{C. 08fc-:3V^TW«ffl{cSJ!?M-rSo8O2. 117'i'-feX«^-l'>'hI4«a*W{i:2 40 
O©^— Fs -r^t)^. DCF (Distributed Coordination Function : :9-|![*JfflI^|g) 

* — F8 1043<J;t;PCF (Point Coordination Function : **^JfflI|itg) ^ — F 8 3 

o*#tfo DCF^ — F8io-z?«. 5i®i±a*e?»{c3>'xv$/3>-^ — x-e^t). ^ 

(Dfc46. AnA#:i->yFi 20t,^-rnAMO*^. 'ESc©^^ST7^'-tX->i^-YVh i 4^% 
©^•y-fe-J^<DjM<i^^^*iSc:i:*^T'^So ^#tc<fcO. PCF^ — F 830 {ci3(/^T. 
3>'-r:x5^3:/*7y— toJlM^^RTftg^* — F^Ji#|-rSo c:c»<j;-5(c. PCF*-F8 

3 0<dH. '>XxA«. ^#^©inA«:i-yFl2jb^, WtS'xeoStc&e^lJ&Ti'-bX^WL 
. ^tcm<r>1]\iK^:^--^ V \ 2 tm^-r^z tiSi< . T^f-feX -^K-rvh 14 *c:;{<y -fe- 

[ 0 0 5 0 ] 50 
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LfcA^oT. D C F ^ - \^ S 1 0 icmm-r ^mV^^BS I 2 X' It. 7^^7.'if^^yY\ 

€. ifefgWtC3ll«S*«rSlt5{So Sil^fi^tc. P C F ^ - K *^16f^ ttfti 8 3 0 (c T ^tf 

^n^o ii©i!jf^«®8 3 0 {i:fei.^T. TVr-ttigSJfc^Jtf^'&^r-KBSZlcISS? 
n^o :^cDKlf^ttS8 3 4 T'tt. e-nVfl^jb^^toA^^-y h 1 2tjMe.nT. PC 

r3yx>S/3>'-7U-WPJ*^WRl^nSo 5j<-y>i^^i^*^S!jfF4^ffi8 3 4 *>?.3M 
aiSnSo Sjf^t^^S 3 4 {C*3tt§5l^-'J P C F^- - KfO^tcnV 

iUSiJ^^r^^-r^o ^fe. PCF^ — KOPa«> ^fi®[O*0A#:i-->'hl 2(0#^tilii^ 

# ^ n ^ o 

[ 0 0 5 1 ] 

3>-r>i>3>- TU— l3H^^*b7c:itaA#:i--y h 1 2 OnlM^jA^^x-iri^i - 
«e-oTs i!)f¥«8l8 3 4 tfel,^TT^^-bX-:d^-Y>'hl4t±. UXh±<Dl#Bri.::i>yh 

^'•^^yb-i^ti. ft^OiJSiJ?nfci)nA#:3---yhi2{i:^bT. l(if^«^8 3 6 fefe 

XT-^y:/8 3 8 {cj3(/^T. cKD^^coP C F^-y-fe — i^*^n^^-r>'~>'3V • y ^) — • 
■fe — S^i: LTjMM^nSo P C F ^— K^S^Lfc*nA#:3. — h <^)^n^n*^ Hi n 
yx:/>'3> • :7U— «^Fi^#^^niiS|t'^$-e. Xx-yT'S 3 4~8 3 8A^a^LT^ 
tT^ti^o y ^ 1/ i/ B ' - mf^^ . §*aA«:i--yhi2*MiB^^T^-feX^fFRl 
^n^gffc. l&f^*^ll 8 3 6 fcj3V^T. 7'>'x-f3!)^:3---yl-l2ti:MLT®iE^7?[nItc[q] 
l,f ^ntc'^. ^<DljaXm:i-'y h 1 2{<:>l*LTPCF^-y-tr-$^*^3MM^nSo Wlf^^*^ 
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METHOD OF DETECTION OF SR3NAf 5 USING AN ADAPTIVF ANTRNNA 
FN A PEKB-TO-PEnR hlT.TWORK 

s BACKGROUND OF l-HJb IN VEKllON 

Ibis invention relates generally to wjzeless data truamissicn synema and in 
putieulir to a technique fbr udog dixeciIoiuU tncemus in such systems. 

In eocpome enterprises, wiieiess Laca] Axes Netwoclcs (LANs) are usually 
impleniented as a final Hnk bet^-een existing wired netwaikt and a gruup ufclisit 

M computers. Today's business eoviiuninect is characteriznl by sn increasingly 

Dioblle work fbtce, who spend much of their time wockrng in tcums that cross 
fimctional, organizarlonal and geographic boundaries. Ofter. their most productive 
times occur in meetings ttiat take place away &om their desks. Users of portable 
computing equ^ment iheretbio need access to their daoi files through networks ttat 

u Teach &r be>x>nd their personal desktops. Wireless LANs fit well into diis 

environment, providing much needed freedom in network access to mobile workers. 
Such netw<x1i;s provide access to information from anywhere within an enterprise, 
Eoch as froa a oonfenoce room, cafeteria, or even a resiote branch office, Wiz«tess 
LAN connectivity aUbrds access to the flill cesourees aitd services of a coipotaoe 

30 network across a Imildiiig or can^ssetUi^ As such, tlxy are on the verge of 
beconiiqg a msdnstjeam sohrtioo fbr a brand range of business eppltcationH. 

One critical issue affecting ±e effecti v eaesa of wireless LAN deploynient 
has beeii the histortcalfy Kmiced tfatoa^ot available with such equipment The 2 
Meg^ btti per second (Mbps) daa ntt specified by the onginal destitute of Electrical 
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and Electronics Bngineen (lEtili) wiidass LAN Bttcdatd 802.1 1, duini 1997. U now 
considered to be too slow to soppon moit baiittess taquitenwobi. Recognuni$ ttw 
need to support odditional higher data nto tnuuntuisions, the lECE teecMiy totified 
an e02.nb Btandttrf that specifies daca tmsmissian speeds of up to 1 1 Map*. With 
flio 802. 1 lb standard, winsless LANs are expected to be able to achieve thnughp-K 
oomparable lo the legacy ^ired Eiheniet infniitmcturc. Hcicrging wiretess 
networking systems that promise to provide cornparablo data speeds include Home 
RJF, BhteTooth, and Ihird generation digital cellular telephone systems. 

fai these pocT-trvpecr networks, the individunl coraputer nodes operate in a 
same fiBqncncy eoniinunicotion network. That is, these systems utili« signal 
modutaiion achomea such as Code Division Multiple Access (CDMA) wherein a 
xiuinher of end nodes are aomally transmitting on a same radio 6requenc> canrier at 
Ifae same time. Such systams nuy expencnce agnificant quality degradation dne » 
Ac mtexferense of equipment that is out partictnating in ^tcm communication 
prooesses. For exan^le. wiicfcas LAN .•vstema typically operate in unlicensed radio 
fieqoency bends. Olhef types of radio cqmpmenx operate in these bands, equipment 
that is not wquiiwl to operate in accordance with the promulgated LAN staodaiAi, 
and IbeiefiKe^ cannot be eontnUed. These transmissions flom suub iKm-system 
niKlescwirignific8ii!^yxcdttoefliopotfbimaiiceofawjiclessLAN. As data rates 
incfMse, ausccptibiKfr to sach inleifeien ce a]so inenames accmdingly. 

Various other problems are inherent in wireless cnnrnmnication systems. 
One such problem is the so-called mullipath EuJirg probkm whereby a radio 
frequency signal transmitted ftom a sender (either a base station or another mobile 
subscriber unit) may encounter interference ownute to on intended receiver. The 
signal may, for example, be leflectBd Ikom objects such as bmldings ftat are not in a 
direct path of ttansmiKsionhut then arc rcdiiestod as a reflected veoion oftiie 
original signal to the receiver. In such instances, the receiver actually receivos two 
vcTuioieoffhe same radio signal: the origmal version and a reflected veriion. Since 
each received signal is at the same frequencj' but out of phase with one the other doe 
(he louBCT tnnsmissian path for tt» reflected !d{{nal, the uiiginal and reflected 
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signals tnsy tend to cancel each ofbcT out This results ic dropouts «rfh<img of 0w 
received risnal. 

Redio units that employ single elemwit antennas are airily utticeptibte to 
such multzpath &din4. A sin^e element uitenna has no way of determining a 
dtTcction ftoiD which a transmitted signal is tent and cinnot be tuned or aacnuatcd to 
mote accuiately delect or receive a signal in any particular direction operating by 
Itself. It is known that dixectiona: antennas cxn thcrefbre alleviate both the 
mnltipath lading and similar problems to some extent 

SUMMARY OF THK INVENTEON 

The piment inventioo is used ia a wireless data tKtwork that employs an 
adaptive direcimna] antenna array to assisi in isolating ph>'sica: layer radio sigoaH 
tiuismittBd between systom nodes. A cotdioller caa configure the antetma apparatus 
to fn«*itniM the affect of nuliated and/or received eatxgy. Specifically, the snteona 
i^ipazatus lyjrfcally inctudes multqple antoma elements and a lilu wanber of 
a$uatid>le devices such ss pliase shiAers, passive elements, or Ifac fka^ that may be 
□idBpendexiily ctenfled to efieci lbs pl*.ase of leceivod and/or Uansmittsd dgnals. 
The ^mtt»w«ft apparaluu caa daerefbrelie oriented or steered to variooB anfile of arrival 
ansnlBtions with respect tn transmitced or icccivad signnls. 

The adaptive antenna makes use of radio leoeiving equipmeat tfaat utilizes 
two distinct signs! detection modes. In a fiiEt receive mode, the contiunts ttm Cic 
antenna to an omm-dixootioimlsetiiiig. This nods is used wbeu a nceivsd signal 
has not yet been identified or die link Isyer connection ciiablislied. A second 
receiver mode, in which the satenna is set to a specific direcnonal angle, is used 
eflcr a receive signal has been identified or a link layer connection established. 

According to an embodiment of ihe iinrctttion that uses idcntifiicotion of die 
received signal to determine (he antenna aTiay mode, a multi-step process is 
employed. 

In a first step of the process, the directional antenna snay may be conliolled 
sacfa thai :l has an onmi-directional gain pottem. In this mode, whenan incumiog 
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transmission is ftrst received, certain identiftsotion panmeten of an hiitial puctiuu of 
the signal ok detected. For example, those may be a aouice identifier encoded in a 
pn:amble portion of a Media Access Control (MAC) layei portion of a wireless 
Local Area Nctw ork (LAN) eigoal. 

If die Toceived sij^ial has been previoualy delected, the cobtroDa' will steer 
Hub directional antenna to a Uat known best dtTCction for reception of ftotber portions 
of the paiticulsr detected iii^tr.l. 

If dlie received vigunl has not been previously detected, then the controller 
scans the directional antenna to dctcrmiDO □ directioa setting that provide* a best 
leceived signa! metric. Thia can proceed, for example, as an angular search of 
possible #« tf.i M i i > axtgle setting?, and testing a recehred sigoal metric fur each 
candidate diioetion. The reoei\'ed signal metric may, for cxanxple, be leceivcc signal 
strength. iMt emnr rate, noise power, or other c u p q»ni b ie measnre. Once the best 
dtoctional smlPE f""" antenna is detmuined. that settiny is saved for totiire 'jee 
in xecdviaB Oie identifieJ ugitaL 

As flirthex purtiuts of die same signal arc rocoived, such as payload portions 
of the data ftame which foUow a pieaciblc portian, be dOzectianal antenna anay can 
be operated to onnlinuBto soon potential new angles, ooniinaingio look Or the best 
signal metric in a directive mode all Ifae time. Once a siffud tzansmtssion is 
ccmclnded. fiie last known best angla for that si^, along with an identification of 
the signal, for use in fiitare reckon of tbat same signal 

hi a aesond embo^men^ the invention also employs bofli Ac omni- 
dircctional and directional modes ofthe antenna, as in the previous enUwdiB^ fci 
a first step of this process, the antenna aitay is aet to snomni-diieclional mode. A 
fii3t portion of a received signal is then examined, to determine when a link layer 
establishment message, such as a Req^jcat to Send (RTS) message is received. After 
an RTS is detested, idertiRcation information for the sender of the RTS is used tn 
dtitinime a last loiown angle of anival. The army is then stcfarod to this direction 
for subsequent tran.smission of. for example, a Clear to Send (CTS) message. A 
foUow-on step may be employed nAea an scknowledgeaiBnt of the CTS is flien 



(23) 



JP 2005-503061 A 2005.1.27 



WO03A)23ll9S .5. PCTAJS(n/19U7 

Jisteoed dn; ifihe CTS odaiowtedsemeBt b recdved, thm it it known chat tbe 
tstaoaa is stesred to a ^soper direction. However, ffan Mknowledgeiiienf of die 
CTS is ujt received, it Is assuaied that the Mteuiw angle must be re-catiblisbed 
dluough tciunaog candidate angles. 
3 Tha foicsoing erabodimeirt is iiartmilariy iiadU in an access iiode 0^ 

central bsse unit. 

Yet onotbcr onbodimeDt of the tavcntion con use the airoy u fisDows. An 

initial Gnk byer transmission, such us a Request to Send (RTS) may be sent to on 

in^nded tecetver in o directional mode. This embodiment is particularly use Ad 
ID where a sender has stored infotmstiQn as to a likely direction forte intended 

receiver. The unit then waits to receive a Clear to Said (CTS) InHcatioa in a receive 

mode wifh Oie antenna set to the sanje angle. 

If the CTS is received, then it is assnmed tfrntthe direction is cmrect, and a 

hnk iiTfCT connectian is ^***^^died. 
12 Howeve;i;iflhs CTS is not received wiflixn a ^ecifiedtiinek the contiDller 

resets the amy to on omm-directioinl mode, ond otieiiipts again to estnUish the Knk 

Icyw coiweotjon. 

When the invention is deployed in a peer-to-peer oetwork, it may also be 
iiged in connectiaa with a device that is le^Kinsible for iclayiog messages fiosn a 

» first node to a semnal node. Ttdn flinBliijnality is an Mialugpua to a mutei fimction in 

a Mnreline loterjiet Protocol (IP) network, hi such an appltcalioii, during the 
detection psocesa, the angfe providing the best recerveri signal metric waa recoided 
dufiog die teoeivc mode for a number of nodes m flie nexwodcs as described above. 
Therclbcc, viicnsver a message is roooivDd liom a iint node that needs to be robbed 

as to a second Dodeii if aignals hove already been received from fliat second node, dusn 
(be recorded direction of ia best reception is retrieved and used when the antenna 
army is used Co transmit the signal to the second node. Storage of the best antenna 
an^e for proF^gatioD to nei^bor nodes can be handled by conirul runctions in a 
insnnez diat is analogoos to other routsr lookup table flinctiurui, such as being 

30 contained in a lookup table entry associated with IP addteiises. 



(24) JP 2005-503061 A 2005.1.27 



WO03niZn95 PCT/Uaa/39147 



BRIEF DESCRIPTION OF THE DRA WINGS 

Fig. I IB H block dt&gnun of & sy^em in which the invention b implemented. 

Ftgs. 2A nd 2R prnvide examples of Msdui Access Control (MAQ hyer 
} data frama or messages thai may be used to firnnat tianstnittod signals. 

Fig. 3 is a soquence of steps perfcmned by an antenna controDer hi order to 
pttTCCss Tocoived agcals accocding to o first embodimenL 

Fig. 4 is 0 process diagram for tho antenna coatroller asoordtng to a second 
embodfanfifit. 

10 Fig.su yet anotlier process which die coQtioUcr may perfonn. 

Fig. 6 flhutiates a niessago and its scknowledgenienl. 
Fig. 7 is a so^oenoe of stqw using aclmovdadgeauait suppression to oo&finn 
antenna ai^jto setting. 

Fig. 8 is a sequence of stqis using oontentioa-fiee periods to confina imteiuiB 
IS ongjo settiog. 

The foregoing and other objeots, ftaluies and advantages of ttie invention 
win be apparoot fiom t» following more pazticular description of prefened 
enibodinmtt of die invention, as ilhutialed in die accooqiai^ng dxawings in which 
lilceTefexeiicecliaiactmndbrtolhesaniepamihtuughoirttbedif^^ The 
20 dnwiogs sxe not necessarily to scale, empbasts instead being pi aced upnn ilhiatraftig 
die princqples ufilie bventinn. 

DBTAILIID DESCRimON OF A PREFERRED EMBODIMENT 

Fig. I is a tiig^ level block dingnun of a wireless data oommimicatton 
23 nctwoik 10 in which the invention may be deployed, such as network for providing 

wireless connectivily between a number of end nodes 12 and a data netwroric such as 
the Internet 18 tuough access point equipment 14. 

Specifically, a first wizeless Local Area Network (LAN) 1 1-1 formed by the 
nodes 12-1-1, 13--l>2, ... 12-l-o. These nodes 12-1 communicate with each other 
30 and & fitst access point 14-1 tuing specially fhimatted tadio agnala. A (ficectional 
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ontenne 8x1^20-1 is used wfthttieBocen point 14-1 in the fintwiiclesi LAN : 1-1. 
The access pomt 14- 1 is tesponnble for convertnis received radio fiequeney signals 
to their appropriate wiied fbimal Kucb as the TCP/IP fimnas suitdile ftn Intemet 
communications diraugh a gatsway 16-1. The piteway 16-1 maybe a lOttter. switch, 
or u (hex tntemetwarking dcvioe. 

A rfmilar second wireless LAN 1 1 -2 involves Ae nodes 12-2-p, •nterma 20- 
2, occcM point 14-2. and sptaway 16-2. 

Each of the nodes 12 include a remote staiiuu wV.lch is typically a portable 
Poaonal Conyjuiai CPQ equipped wiih a wireless network interface card (NIC). 
Other types of computing equipnicnl sucli w Personal Digital Assistants (PDAs), 
desktop computing cquipnient, and otf-er netwadcabk devices are possible. 

The accc« point (AP) acts as a sort of bridge betweer. the wireless 
netwock 10 and wired netwoiks such aa iho Inteniet 18. The access point 14-1 acU 
as a base station for fte phyaicat layer signaling ased in the wireless nelworl:. 
aggteffding access for multiple wtieless nodes 12-1-1 ... . 12-I-a onto the wired 
netwoAu The access point 

14 usually consists of radio leceiver and tnnsmitter equipment and a wired netwoifc 
i^t^f^ socb as an nnrR 802.11 BdieiDCt inter&oe. If du access point 14 is lo 
provide connectivity to odier netwoilcs. it may typicaUy include faddging software 
c uufu m uu g to, for eumple. S02.I Bridging Standard, and other software such as 
firewalls and die like. It ihoirfore acts sa a router or bridge, ftom the perspective of 
higlser layer Jsia netwotking protocols. 

hi addition to standsnl wireless LAN rignsling equipment, the access point 
14-1 also contains a tablo 25 which is capable of storing id entifi n at inn infomution 
for the nodes 1 2 such as a unit ideidiflcation and ira associated antenna scttiag 
parameters, rxh aa en an0a. An atrey suntrolWir 30 thatpennits steering of the 
paxtieular direction of die s:xtenna 20-1 such as hy speci^g an angle. Sigpsl 
receiving equipment in die wxtam point 14-1 also coatains detection drcaits that are 
capable of detennining a received signal metric, such as Received Signsl Strenis^ 
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Indkatiaa (RSSI), Bit Error Rate (BERX WM« |ww« or oOier stxb measures 
of receive signal quality.. 

Pigs. 2 A and 2B illuatmtc the ftmnal of a niofisagc or frame structore soch as 
descraxx) in *c wiiclcsa LAN epecifieation IEEE 802. Ub. Tb- niessafe consists of 
a Media Acccs Control CMAQ layer preamble, header, and pnyload petition or 
Protocol Specific Data Unit (PSDU). Tbe nu^sagen in EEE 802. 1 1 may bo cither a 
long piesmble-type as used in tbe connection with the message shown in Fig. 2A, as 
wen as the sboitpivamblB-lype as shown in Fig. 2B. The differem jnune fomiats are 
BBSOciiSed whh supporting different data rates. I ho frame fonnat shown ia Fig. 2 A 
uses eltlier Double Binaiy Phaae SfaiJt Keying (DBPSK) or Dooble Q^aadntme PhMse 
Sbift Keying (DQPSK) encoded at. napeetively, l Mbps or 2 Mbps to modulate tht 
payUwd poition. Hie fimnc foimal bi Fig. 2B utilizes DQPSK lu nallze data rates 
ofS-SMI^sorllMfapa. 

NotoaboOatlbTboaiftaznefonnals, the pnamble and header poitious of 
(ho frame utifize a maze tobnst eneodhig sdatmo than the data pagrload poitions. 
this pennita mora xdlable detection oTibe Iteaifer andpieambJo in tbe presenooof 
noise. 

T1i0inambIeoFetflier<bzmetsaboiviim7ig.2Aor2B include an bidiailion 
<tf tbe part icular senders, sucb as in the SFD poitiGn. 

Fig. 3 ilbiatrntcs a flow of a pioceo for receiving wirekKs uetworic 
signals in aocoidancc with ttio invention. The process is pcrfoimed in an sccess 
point 1 4 as it receives signals from nodes 12, and may lypioilly be canied out during 
physical layer processing. 

From a first idle step 300, the antenna 20 associated with the native 
access point 14 is initially set into an onmi-dlrectional mode. In this omm- 
dircctional mode, a state 320 is Qicii entered m which ttxts proamblo poition mOtvr 
header of a received signal is detected. In state 330, the initial portion of the 
received signal is examined to identify it uniquely. If the received signal is 
unknown, e.g., the node 12 which originated the si|?nal has not been seen before, the 
entenna is then set in an angle leanjb mode in state 322, In this mode, the antenna 
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20 u Oietefero stepped throogh a sequsnce of dmctinnal angles to find a direcaon of 
maximtim received signal smmjfjli. signal quality, lowest Bit Eiror Rum (BER) or 
o(het aignal quality melriu. lo state 323, when this angle is dcteiminod, it is tooorded 
and associati»l widi ffae device identiBcatioQ infi>nnationk such as a table entry 25 
associatet] with fliat device. Tho tabic as shown in Fig. 1 nay be kept by die auxsa 
point 14 as pajt of its message routing tabla 

In any event, the occess point 14 then enier a siale 324 in which daring 
active leceptions. the cq;>tiinum angle it continuously aUj usted while receiving the 
p^yioad data poxtioD of the frame. If lecepiiun of tlw frame is then losi or otherwise 
completed, titen the last best biuwu ai^le is recoded in the tablo, and processing 
reiuniB to tfae faudal state 310. 

If ftoBxi State 330 the signal was able to be identified^ «.S-> & nS^^J has been 
previously lecdved ftnm tfae tiansmittins node 12, fhettprocessine proceeds to a 
state 32S to whicfc the last iBiown angle :s looked up in tfae table 25. This lost known 
angle is then used by Ow eontroDer 30 to steer tfae army to the bst known positian. 
The anay flica remains in this last known position ai least fbr recqption of ^ 
pQ^ad portion ofHwsifpui in state 326. From Acre, the state 324 mi^ continns n 
be entered as the payload poxiian is being reodved wherein the aiigle is contu^ 
BiyuBtBd^tdule it is active and any testes are then secorded in (he table 25. 
, T1iestate328inayfaeeiitBn)dfram8tatc326if1heinati8inaTebviiM>ds^ 
where the best received angle may be used a subsequent transmissions to that same 
node. 

Frg. 4 is a diagram of a slightly modified process dial miiy also be used 
uccotding to the present invention. The mimber of steps of tljc process m Fig. ^ 

i correspond, inore or less, to the steps of Fig. 3. For example, from a first idle step 
300, the ajitenna 20 is initially set in step 3 10 to an omm-dircctional mode. 
However, in this embodiment higher layer levcUignaling is c^aminod. For 
example, in step 315, a Requcut to Send (RTS) message is detected such as at a lirJc 
layer, fai step 330, the mesfeHge is again examined to see if the originator has a 

I known idAnttfication. Ifso. steps 325 and 326 pioceed as pnvioosSy where ±e last 
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Imown angle aBSOcuted with that serd er is dcteiuiiued in step 325 end die antenna 
20 is atseied tothe bat known angle io atep 326. bi fliia instaaoe, Om unit wil! then 
aoad a dear tn Send (CTS) message in step 340 with the antenna now set tothe laxt 
known saglo. 

i Ifhowever, back in step 330; if±oidentincationofdK detected RTSti not 

known, then an angle search proceeds in mte 322 and the ID and angle of fhe best 
reception state is recorded in step 323. Step 324 sontinues m previoii:«]y wlieie thr 
sngle may be adjosted while active puykiad data ia being recta veil. Step 345 may be 
eatcxed when the signal detection is kutt and/or an end of meaaagB (EOM) is 

,a received. 

Rctuxning attention to on instance in which tiie lost Icnown angle is steered to 
in state 326. a Clear to Send (CTS) ntessage is cent step 340. Next, a CTS 
ooknowledgement is waited for in step 342. The acknowledgement would ^<pi=a]ly 
be received widiin a pcedetennined amount of time or otherwise a time-out condition 
U exists. If the acScnowIedgemem is received, then the specified antjle is presuiued to 

be okay and in state 344 and then pruce jtfing inay proceed to step 324. However, if a 
thne-out does occur in stq;> 342, dwn it is presumed that die an^^ va -wtach fhe 
antenna 20 was steered is bad and fherefbre die angle searohstato 322 nnist be 
entered. 

20 The foregoing methods are particularly usefti] in opptyixig sn api^ication to 

an access node or oectxal base statioa taut wbeieia it is intended to service a number 
of Rinoto subscriber units. 

j^wevex, anodier etnbodimem of the inventioa can be i^lied to advantage 
in a subscriber tuit as follows. Thissetofoperadonsis ilUuttatBd inFig. 5. bia 

2S first step 500, One antoona is vel Iv a diiectMoal mode. For examplei, it is typically 
common dial the suhscciber win have fhe given information with, respect to its 
candidate direction in which thehate station easts. In s^ 510. a Request to Send 
(RTS) message is sent in & directional mode. In stq> 520, if a Clear to Send (CTS) 
message is received bade from the base station, then ii can be presumed dmt the 



(29) JP 2005-503061 A 2005.1.27 



antana cSrecdon settiiv Is okay In fittp 522 and dw Unk layer oonim!^^ 
pracood in ttsp 

rf however, in atep 520 dure is no CTS received wittdn u tune-out period, 
(ben it is presumed ttmt Ihe antenna li inconectly wt. Tum, an oaim-<Iirtu:lioaal 
5 mode 13 entered m step 528 end tbc RTS mcssaee is sent in step 540. Proctssing 

then proceeds from that point oixnilartD that described in Fig. 3 and/or Fig. 4. i.e.. an 
BnRle search is perfoirned to piopoly set tin antenna in atep 544 the sett^ 
recorded in step 548. 

Fig. 5 illukiniltat a seqtwnce of hl^wr level messages diat nuy be sent in a 
10 typicnl iidwurii ainqMiter taavirumnen:. Specifically, a source station whicb may 

dtfterbe the access pofnt 14-1 or rainote stations 12, senibt a ine!<sage 610. The 
message 610 may consist of one or more psclcets that have the pieviuusly described 
pmsnble. header, and payload portions. The message may be a relatively deiailed 
nuasage or may be a relative^ 8inq)]o mcasagp such as a request to set tqi a 
IS connection and sead fintber infoimatioiL 

In nsponse to recent of <he messags 610. ih» destination statkn b expected 
to »tmn and acknow^edgemeat message 612. This acknowledgsnent messaga 612 
ouy faawc a preamble portitm and a header portion that qwcifi 
payload portion tfaait is a known acbuwkdgement (ACiQ finmaL The higher Uyer 
20 probicol may be, for exan^ile^ inqilementBd at a linic layer. 

The present inventkm may make use of tJiese higher layer protocol wnits to 
mvoke oflier protocols to help tzain the ontcoiUL 

lbs QCkDOwledgBment mess^ 612 is sent upoa zeceipt of a proper message 
610 at the dasffnarion station. However, sitnations may olso exit 614 in whicb no 
23 acSmowladgemettt is Gent fiom the destiaation. This is typically done if the message 
Is not received whfain a pxedetemuned peiiod of time at die destination, h that 
manner the sourue will know to attempt to retransmit the message 610. This 
asloaowledgeinent protnoot in typiiail oringhta- iHyer prulucols In widespzetd usage 
in data oomnuuiicatinn netwoata typksil ofifae Tranmii-sslrtn Coulrul 
» Protoool/Intemet Protocol (TCP/IP) pRROCol used in Internet data oomnmnjcations. 
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It nuybacoineneeessaty to use the higher hyer protocol infimnation in 
cataifl drcmnsiBnces wherein Ihe phyncal byer protocols do notpeimit time to 
demoduble ilie data frame and/nr dn not contain identification ot'the eendiog itation 
in the preamble poitioiL Sochpzotocobpreeentapioblemintfaaithcnisno wf^to 

s know traiMmitter ends widwntiome^pe of demoduhtimtakiqgplaee. However, 
there is, io tam, no time ir. which to or there is no lime ie which to demodulate the 
signai. Fox example, it may not be possible to detemiine quaU:y of a reception until 
after on entire frame is processed. This may depend upoo the specific coding used 
for the frame. In addition, ortlain protocols may -.ise preamble portinn.^ that are w 

13 short in duration to idendiy ilie best <]iIt^ctiall in time for thh antenna array to be 
a£Dectively slecated to the app r op riate directinn. Vm example, 802.1 1 B Standard is 
polentially acceptable in diis regard. However, protocols such aj tl:e 802. 1 1 A 
WirelcM LAK Standard may not ptovide suStcicnt duration preamble. In addition^ 
the witeleaa LAN protocols woxlc on a similm radio link protocol that is similar to 

II Eihctnct hi paiticulBr, a positive acknowledgemetn radio link protocol is used. For 

example, if oormcfly received packets are acknowledged whereas incoxcectly 
xeceivad packets are not. Thns, the nonraeknowkdgemeot test can be perfocined fJ a 
ladio Unkpioioool byer and/or fa^^ier level hiyers. 

Essectjally, fhn piuceaa ia shown as in Fig. 6. For an initial idle State 600. 

» tenant «nay 20 is Cisl sleered to an oimtS-idicectional state. 

In a next state 712, a tnnsmissioD is received. Whok this packet is ieceiv«d 
correctly, a stale 714 is entered in which the BcknowledeBment 612 that would 
normally be sent iaaiqipcesBCd. 'i1urefbn.thauniteotBt8ainodetnwhicfa no 
scknowlcdgcnient is seat 614. This permits entry to a slate 716 in which ita angle 

2S filrtheaDfemiainayheGet The suppression of Il» aelcnowledgenienl in abiie 7U 

causes a sesond receipt of the pacicet in state 718. In this secund receipt in state ?20, 
the leceived quality is compared, [f the tecefved qnality is not adequate, then the 
process locps back: to state 714 in which the ack-iowledgsmeDt is snpprcssad once 
again. Step 714 tiirough 720 are condncously executed until an eccqit^le received 

JO packet quality is deteimined in state 720. When fliis occurs, centred passes to state 
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722 mwhichui wki:owledfein«iti$pfBsen£lyg«iL The cet ngb b Iben leconkd 
wiOi the idcatificatioD of thd unt for mbsequent commuiiiciLticni with dut unit. 

It should be vndar-aood that in cotain instuxes upon receipt of the poclxt in 
712, if tfao idsntificatior. of ihs nnit can be ActBtmineA, then the angle nuy be mate 
■ l y ropriately set i^>oq tbe second try in state 7 1 6, such as in >bown in Fig. 3. For 
example, if the idcntifiaUion of the remote unit can be mace fbom the racetved 
packet ia state 712. tHen (he angle aesreh OMoaiBtad with Hep 714 through. 730 car. 
proveed moiacxpedhiouftly. 

What IS important lO note here is that the higher layer protocol is being used 
to force a fCtnnsndMion of a packet for ifae purpose of optimidnit die 6n:enna array 
letting OUkx protocol attributes or units could bs used ibr smilar resuhs. For 
example* a ooiitenikii:-&se window can be »el up Uy cena:n prntoccls using a so- 
called PCF or HCF mode, fn tba PCT mode, a means is pravided for discovering the 
best angle diat canbe cuclnsUed by en accesa point as to which units wiO be 
tnnsmittiiig during a oertain peiiod of tunc. Thus, the idonlifioatian of unit 
being knoviai in advance^ the antcrma can be steered to tin la3t known direction for 
Ok communication prior to its receipt. Thus, fbe oooirol messages may be set up 
while an omni-dixectionaJ mode ttiett when transmitting lo the nauote umi. the 
dixeoted mode con in HCF or Hybrid CoordinatianPuntiiian can he determined. 

T'Onmtg attention more patticiilBrly to Fig. 8, an 802.1 1 access point 12 has 
essentially two modes, including a disUibutsd crnielation flmction (DCf) mode S :0 
and a point oo<Kdinadon finiction (JPOP) mode A30. In the DCF mode, 
communication is basicaily cooCeclion-based wheretqr ai^ one of the snhscriber 
units 12 may be alloweilU* attempt t» send messagos to die access ooint 14 at any 
point in time. The PCF mode 830 is entered into from time to time to provule a 
mode in which contcntion-froc communication is possible. Thus, while in the PCF 
mode, the system guaianlces to a particular subscriber unit 12 thai it will he able to 
have exchisive access to the airwaves and send messages to the access point 814, 
ftec of any collision with other subscriber units 12. 
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Thus, in one stato 812 osscjcinted with E>CF mode 810, the oocess point 14 
reoeivos requects on a spccsdic bieis torn parttcul v subscriber jtAxs 1 2 to be 
granted contention-free tieas (CF) et • later tnne. Bveotually, die POP mode is 
entered in state 830. In this state, the untanua t» fuift siaA lu m umtn-Jixectiotff I 
i mode 832. In a next state S34, a beacon Kignal in sent to alt subscriber onit^ 12 to 

mdicate that fbe PCF mode is being entered into. This is a signal to all units to lister, 
for upcoming polling inlbimation to dolonnino if dic^- will be granted a contsntion- 
ftee period. A poll ngnal is tfaeo ocnt out at stats 834. A response to the poD signal 
in state 834 detenninos o pottionlflr identifier of oao of ttie subsetiker units 12 which 
is to be gnrntedoonieation-ftee access during the FCFinode. Itshouldbe 
understood ito dnxiiq{ aiv given PCF inode, a iimnber of different cubBcribcT units 
12 mey be granted exclonve use or may be giunted a comentioi»-fiee period one after 
fheofher. 

Fkom its tcbedule of subscriber units 12 flial have requested contention-free 

u periods* die access pnmt in state 834 p<rfbtbe first such Qttit on its lis^ The poll 
message is mt by stoering snteinia to the last known locatioa or coiract aaii^^ 
fortheparticalaiidaatificdsobacciberunit 12. HdaportioiiIarFCF message is then 
sent in step 838 as a oontention-ecse message. Steps 834 dstougb 838 are then 
continuously executed until each of tin subscxiber unjts Oat had requested a CF 

u eventually be f^antedtiieiitnni at a contefltiaa-ftee period. Upun ewii subsequent 
sucb subscriber unit 12 being snr^^^^ during (he couteiition-ffvie period, the antenna 
yriH be steered to iUt nspecuve ej^mpriate direction in the .state 836 prior to sending ■ 
the Mssociattid f*CF message for die particazlor subscriber unit 12. At the end of th= 
cuntention-froe procc»ang in state 838. the access unit may then stscr the antenna 

u amy 20 back to an omni-diicctionAl mode so that io a state 840. a sonteiition-&ee 

period end message may be sent to ail of the subscriber nnits so ti:a.t ifaey may 
onderstand that the end of PCF mode has been reached and diat the system is dien 
now returning to a DCF mode in state 810. 

While this invention has been pazticularly shown and described with 

» references to iffefenedembodhneiitsiheieoCh win be toidecstDod by those s^^^^ 
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do art ttiat various ffh«ns«T m fbim and detaib niAy be made thciem without 
depaztiaii &oin Am scope of the invention encompAsaed by tiw appended clainu. 
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Whatiicbimedis: 

1 . A method for opemting a wireless data conunuidootioD syvtexn b nliich a 
fifBt station communicates with a seaond station using a wireless physical 
layer sieo'iUnB protocol, and the first sttiion ntakms use oft directiODal 
antenna, the method comprising die steps 

detismining wtujn a wireless signal cnntainiflg a date packet is being 
leceived by the fint stntion; 

deteoniniQg an identification of a transmittins second siatkm fta: 
tmismitlcdtiie -wiieleaa signal to the firs^ station fiom a first portion of the 
tmisxnission from the seoocd atntioti; 

naing tbe detennlned klenti5mion of the second station to dstemune 
pafamdensfbr ftp directional anrWiiia snay; and 

dmiag leception of a snbse q aen t portion of the signal transmission 
from the second lilatian, steering tlus tfiresliooal aaieaua acnTording to die 
pammelenj Ibr the kleotiiied second station. 



A method as in claim 1 wlncin the first station is anaccoaa point, and flic 



A tnethod as in claim 1 whaein the fijststadon is a lemote station and the 
soeond siatiain is an access p(xnL 



A method as In claim 1 wheiein tlw first received poctioa is a fMreunble of a 



5. 



A method as in claim 1 wherein the fiist portion of the received signal is a 
fitit padcet in a series of paelflet& 
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6. A method sa in slaim 1 n^erem the subsequent bansoussion is a jBter portion 
ofdtefiams. 

?. Ametfaodosinclaim I vi4ifli«:iitheBiibso(rjeDttraii^ 
in a series of tnmsmitied ftimes. 

8. A metfaod u in ctttim 1 whe:eiii tlie directiotial anteiutf is a Aoerohle amy of 
multiple aidaaui elernenlit. 

9. A meduxl as in clnim 4 vviienin the preamble portion of the diua &^ 
encoded with a more robust modnlatioc scheme than the fbllowiiqt portions 

10. AiseThodasinclBim4^^iexeinthe|»7amblepoitionai]iy baveonenfa 
{fluxaliiy of possible preamble fimnats. 

11. A mBlbud as in claim 4 wberete&epiramble portion conlahia sendee 
identification and the pa^oad is regarded as snbsequesQy «ent fiames. 

12. A metbod as in cbum I ^lierrin antenna szniy parameteis are associated wiih 
the idontificatioo of the second station. 

13. A method afl in claim 13 therein the unit idenrifii,:attoo and anteooa 
parameters are stored in a table associated with a netwoik layer address 
associated vd(h AiriMixding comnuinications be t ween flie first and socihic 
station. 
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14. A oiefhod Its in claim 13 wherein thaoetvrarkaddiessuukbilenietPTotoM 
atldress and the fint station perfonna routiDg lUnctiam for neiwoiklayor 



A method os in clnlro 1 additionally con^rlsing the step or 

if it is not possible to detenntne an identinuniiuu of aiitcntiA 

parameten Omn (be iiknlifiuation of the second station^ 

waiubiug for an antenna parametBr setting to detcnnins ar. 
aptimnm direction for receipt of oommiinicationa from flw second 



A mcdiod as in claim 1 «4ierefn the seep of detennining no identificatian of 
tlw tfuistnitting second staiton occurs ftinn a poilioa of the communiu»tiuii 
received whDe tan antenna is operating in an ummHUcectiocal mode. 

AmeAod as in claim 1 iriuseitt a robust, lower coded modalatian typo is 
used dming transniissioa of a finf porlian, and ahig^ coded m od u lat i on 
type i% vemd dating a later portion of tbo transmissian from the second 



18. AmeQiodasinclaiml? wberdritheideiiiificatianinfiinnatioi&iiilacatedin 

hj^her coded portion of die tcaasmissioa. 

19. A meOxkl as in claim 17 whtoein the directional antenna is steered to die last 
known direction befun: later pnilions of die transmission ar= received. 



20. A method as in claim 19 wherein the later portions of the transmission may 
abo be sabseqaenl]y transmitted data frames. 



» 21. 



A meOwd as incleim 7 additioiially comprising ttw step at 
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if identification of the tnurnnitting second station is urJcnowxu 
steering the directional antnuu to deteimjttc AO Optimum dbecdon for rec«ipt 
ofeommunicotiflaia. 

22. A mcthcxlBsinoUim21 whereiothAideiiiiffcmTiooitdeiieni^ 
roception of b first ftamc 

23. A mcttiod cs in claim 8 adttiiiuDally coixif rising the step of. 

tttez the opLimtiui direction ta dctcimtncd. •toring Uic diroction 
inTumiation, tDgether wifli the unit idcntifiaotioxi infiinnation, for use io 
subsequent prooessing of aigaals rteoeived froa tfw ideoiified unit 

24. A mofhod as in claim 1 sdditifinally comptrising die step of 

sending a Clear to Send (CTS) indication finmi fhe first siBtkiE. to the 
second station; 

listening fbr recdpt of an admowledgemeat of the Clear to Send 

signal; 

if such acVnowlsdgemcDt is tecervcd. detennining thai ths present 
setting of the directional antenna ia suffideot; and 

if the admowledgemeiitis not received, then deCBiminiqg a Afferent 
an^e tot the ttassmissioiL 

25 . A meOiDd for operating a cotnmunicatiou network in which a first station 
conmitirjcatcs with a second slalion usiiqi wireless physical layer si glillin g 
and comprising the steps uf: 

settiiig an omni-directional mode fbr an antenna array; 
m:eiving traimnissions at the first station irom the second Station; 
deiermintng an identifieation of the seoand station Com die zeceived 
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steering flu (Uzeetkmal •ntetma anay in Ifce ditnction 
known location fiir lha idenlifiei?. unit 



26. Aii]£lfaodflsmclaiot25ivliemn(faefint<tationteanae^ 
lecond ststion tsa remote Station. 

27. A method M in claim 25 wherein the fiitt twion ii a nmote xtation and the 
• second station is an access point 

28. A method oa In claim 2S whern :i the first portion of the transmission is a 
preamble of a daia fiase., 

29. A ineihod as in G^alm 25 iriKieioUw first portion oftbe transmission a a 
Gnt packet 



30. A meOifid as in cloim 23 vrtiarein a aobsequenl Itajismission is a later portion 
ofadatafkwne. 

31. A mefliod as in claim 25 wfaeretn a snbaeqaentira n a i nisaioa to a later 



32. A nKHiod as in claim 28 wherein the pieanible portion is a eomplctorfai» 
frame cantaiiiing identiiicatior. of a sender. 

33. A method as in claim 25 wherein the sUqjofdotOTnirangidentificatioii of the 
tnmsmitting second station occnrs ftom a portion of the transmission 
received whilo the anienna is operating in die orani-diiectianal mode. 

34. A method as in claim 33 wherein identificaton is contained ins hi^wr 
coded portion of the tranamiasion. 



15 



a 



t r a nsm itted padcet 
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35. A nuslhod as in claim 25 whcnin the directioml antcsna is mem) to tho bst 
kiiown directimi befem kter poitions of the txttDsmissioii begin. 



A method as in claim 2S additioDally comptising (he step of: 

if identification of the second stadtm Is not detemuned, steering the 
directional sntenna tbxou^ a leiies of caodkUie dinscliuiu U> detenniiie a;i 
a direction fisr teceipt of uummuiLiuiitiuuB fioui the trannoitting unit 



A mediod as in claim 36 additionally comprising tho step of. 

after optmunndiieetioii is dotciminod, storing die diieciion 
tnfixnmtion, togefher ibith the onit ideutificatkHi infonnatloiu jbruae in 
suhsequont piocessinB of tigoals raoeivad fiom ttio Identified uiut. 

A method as inchdm S additioncny comprising stepofi 

.during a sequenoe of known series oflmnsfeaed padcBa, steering tiie 
antenna anay wiflwutco&ceoi for packet loss. 

A mediod as in claim 38 additionally comprisiiis Ac Step o£ 

employing a packet acknowledgement mecbanism lo recover any tost 



A method as m claim 38 addilioaally coznpnscQg the step of: 

tel>'ing on a radio link conml pnitocol (RLP) mechanism to lecover 
lost packets. 



A mothod of opcizliiig a communication system in which a first and second 
station exchanges infbnnatior, tiio coinmunisation occurring using wireless 
physical l&yei signaling, and tho first station making use of a directional 
antenna, tiie mcfliod coaqnisingtiie 8tq)s of. 
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detemiinins vi^ien t wirekn lig^l is being received 6roiu On second 
stutioii at the firxt station; 

onKziiig mesuecs at s protocol layer higher than the physical layer '.o 
contra! tntnsinissioQ osd retnntsnuastoii of dsta finoni a specific second 
ststuni! iukI 

using the transmlned messaces at higher layer protocols to steer die 
antenna tiny. 

A method as in claim 4 1 wheieiu Qte pratocoi attributes arc used to force e 
letnutsmission of the data pacbet for the purpose of optiinizing the antenna 
array steering 

A netiwd as in claim 42 -vriieidn (he pntocol attribute Is an 
actaiowledgement (ACK) returned fttnn the first station to ±o second ftation. 

A method as in claim O wherein die acknowledgement message is 
stqppressed in order to Ibcce a n 
t first station. 



A ineftod as in claim 44 wherein (b» acknowledgment suppression is 
p eribnnod only tqjKm obw of a ntimbet. N, of tiansralssione to provide for 
Tcductian in duty oycls of flie adaptation of tiw a 



46. A method as in claim 43 additionally compiiniiig the Ktep uf: 

after the ftlSl acknowledganent suppression, identifying the second 
statiuD frum which Iho Uausmissioa is being received to determine &n angle 
fur die aoicfuui based uprui the history of pest traoanissions &om the specific 
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WOW023H9S 



PCTA]S(n/ni47 



4?. A mediod as in claim 4 1 wiierem the pitrtocol uziita utilize Req jest to Ssnd 
(RTS)«iid Clear to Send (CTS) protocol dats vnitB to ensure tnmsmissioa of 
ftnmos fioni a specific soooud station. 



s 4t. 



A method u in claim 41 vAitnin the protocol units are Point CooidinBtion 
Function (PCF) entitiea that o«ily lequext n specific lecond station to 
trnisnnt. 
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